ABSTRACT: Abundance, biomass, vertical distribution, species composition and rnivotrophy of planktonic ciliates were investigated during March 1997 in the oligotrophic Eastern Mediterranean. Six depth layers were sampled in the euphotic zone (0 to 100 m) at 7 stations in the North and 4 in the South Aegean Sea, resulting in a total of 66 samples and 82 ciliate species. Abundance was in general very low (0 to 780 cells I-') except from specific stations in the North Aegean stations (20 to 2040 cells I-'), influenced by the Black Sea Water. Aloricate species dominated the depth-integrated abundance and biomass in both the North and the South. South Aegean stations presented more diverse cihate fauna, uniform distribution down to 100 m and higher values of integrated abundance and biomass than the North Aegean stations. Among North stations, those subjected to the influence of the Black Sea presented very pronounced stratification, with mixotrophs and heterotrophs decreasing sharply below 20 m; at these stations, mixotrophic species of 18 to 30 pm dominated the ciliate community at the surface whereas at the South as well as at the rest of the North stations, nanociliates were the major mivotrophic size class Mixotrophs (20% of abundance in the South, 38% in the North) and nanoc~li-ates (28% of abundance in the South, 44% in the North) were found to be very important components of the community, which indicates that these organisms play also an important role in oligotrophic systems.
INTRODUCTION
After several studies focusing on the biology of planktonic ciliates, these protozoa are now thought to play a much larger role in nature in terms of biomass and carbon flow than previously believed (Fenchel 1990) . They comprise heterotrophic and mixotrophic forms (Stoecker et al. 1987 , Laval-Peuto & Rassoulzadegan 1988 . Clliates, generally considered as microplanktonic organisms, comprise also nanociliates, an ecologically important, albeit not well-known group.
Being such a diversified group of organisms, ciliates are able to modulate their source of carbon and therefore they may play an important role in a variety of environments; as protozoa and small cells, they are characterized by high growth rates (Fenchel 1990) and are capable of taking advantage very quickly when there are surplus resources during bloom periods. When resources are scarce, mixotrophic ciliates can take advantage of their double trophic mode, photosynthesis and phagocytosis. The importance of ciliates is expected to increase in oligotrophic waters where the microbial food web imposes the need for many different roles in terms of trophic mode or size classes (micro-or nanoplankton). Despite their importance, little information concerning the role of ciliates in oligotrophic systems is available (Strom et al. 1993 , Stoecker et al. 1996 .
The Eastern Mediterranean Sea has been characterized as one of the most oligotrophic areas in the world 0 
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Resale of full article not permitted hdar Ecol Prog Ser 194: 269-282, 2000 with extreme properties such as high transparency, low nutrient concentrations and poor productivity (Azov 1986 , Yacobi et al. 1995 . In the Western Basin (the less oligotrophic part of the Mediterranean) considerably more effort has been devoted to the study of pelagic ciliates, regarding distribution (Rassoulzadegan 1977 , 1979 , Bernard & Rassoulzadegan 1994 , Dolan & Marrase 1995 , Vaque et al. 1997 or biological processes (Rassoulzadegan 1982 , Sherr et al. 1989 , Ferrier & Rassoulzadegan 1991 , PCrez et al. 1997 . However, in the Eastern Basin, information is restricted to the coastal waters (Pitta & Giannakourou 1995 , Pitta et al. 1999 or mainly refers to the distribution of tintinnids only (IQmor & Wood 1975 , Dowidar et al. 1983 , Abboud-Abi Saab 1989 .
The Aegean Sea shares all the characteristics of the extreme oligotrophic Eastern Mediterranean. Moreover, it presents additional interest since it combines extreme environmental conditions; its southern part, the South Aegean Sea or Cretan Sea, influenced by the Levantine waters (Souvermezoglou 1989 , Theocharis et al. 1993 , has been recently characterized as one of the most oligotrophic areas of the Mediterranean Sea on the basis of productivity and light attenuation (Ignatiades 1998) ; the North Aegean Sea is considered more productive than the South, with higher nutrient input, influenced by the colder and less saline Black Sea Waters passing through the Dardanelles straits (Poulos et al. 1997) and receiving the outflow of several rivers discharging along the North coast.
The present paper addresses the vertical distribution of ciliates in an oligotrophic system during the mixing period of spring 1997. Two areas with contrasting characteristics are studied, the North (less oligotrophic) and the South (more oligotrophic) Aegean Sea. Particular attention has been given to specific groups such as mixotrophs and nanociliates. To our knowledge, no other study exists on the entire ciliate fauna from the open oceanic waters of this part of the Mediterranean.
MATERIALS AND METHODS
Four stations (Sl, S2, S6, S?) were sampled in the South (6 to 9 March 1997) and 7 stations (NI to N7) in the North Aegean Sea between 28 March and 2 April 1997 (Fig. 1) . The South Aegean stations were established offshore, in the Cretan Sea, at a bottom depth ranging from 1300 to 2200 m. The North Aegean stations were either shallow (95 m N4, 120 m N6) or deep (420 to 1200 m). Stns N I , N4 and N5 were chosen in order to assess the impact of the Black Sea Water (BSW) outflow on the North Aegean pelagic ecosystem. CTD data from this sampling cruise (V. Zervakis, NCMR, unpubl, data) showed that during this period the mixed layer depth was extended below 100 m in 20.00" 26 000
Fig 1 Sampling staQons m the South and the North Aegean Sea the South Aegean (surface temperature 15°C and salinity 39.02 psu), the North Aegean Stns N2, N3, N6 and N7 showed lower surface temperature (13 to 13.5"C) and salinity (37 to 38.4 psu) whereas the BSWinfluenced Stations showed a surface layer (20 to 30 m depth) with even lower temperature (11.5"C) and salinity (34.5 to 36.5 psu). Samples were collected during daytime (1 1:00 to 12:OO h) at 1, 10, 20, 50, 75 and 100 m water depth, by means of a CTD-rosette using 10 1 Go-Flo bottles. For ciliate enumeration, 500 m1 of whole water were preserved with borax-buffered formalin (final concentration 2% formaldehyde). The samples were stored at 4°C in the dark and examined within 4 wk of collection. Although other fixatives, such as acid Lugol's solution, may give h g h e r counts (Gifford 1985) , their use does not allow for the detection of plant pigments within cells by means of epifluorescence microscopy. According to Stoecker et al. (1994a) , formaldehyde fixation may result in substantial abundance underestimation (30 to 80%); however counts under both fixation methods (Lugol and formaldehyde) in an adjacent coastal area of the Northern Aegean showed no significant differences between the 2 methods (Giannakourou unpubl, data). One hundred m1 sub-samples were concentrated using settling chambers and examined on an Olympus IX-70 inverted microscope equipped for transmitted light, phase-contrast and epifluorescence microscopy (blue light: DM 500 nm dichroic mirror, BP 420 to 480 nm exciter filter, BA 515 nm barrier filter and a 100 W mercury burner).
In this study, the terms oligotrichs, choreotrichs and tintinnids are used to describe the taxonomic position of the ciliate species, according to Laval-Peuto (1994) and Laval-Peuto et al. (1994) ; they stand for the orders Oligotrichida, Choreotrichida and Tintinnida respectively, the first 2 comprising aloricate and the third one loricate species. Plastidic ciliates are those species retaining plastids (some members of the order Oligotrichida) while the terms mixotrophic and heterotrophic describe the trophic activity of the various ciliate species, this being both phagotrophic and phototrophic in the case of mixotrophs and just phagotrophic in the case of heterotrophs.
Oligotrich and choreotrich ciliates were identified down to genus or species level where possible, following Maeda & Carey (1985) , Maeda (1986) , Laval-Peuto & Rassoulzadegan (1988) , Lynn et al. (1988 Lynn et al. ( , 1991a , Montagnes et al. (1988 Montagnes et al. ( , 1990 , and Montagnes & Taylor (1994) . Tintinnids were identified under phase-contrast microscope, based on the lorica shape and dimensions, after Jorgensen (1924) and Balech (1959) .
Cell sizes were measured with a n ocular micrometer and converted into cell volumes using appropriate geometric formulae (Peuto-Moreau 1991) . According to Stoecker et al. (1992) , the factors used to convert biovolumes to biomass are influenced by taxon as well as fixation method. During this study, the conversion factor 0.14 pg C pm-3 was used, as has been suggested for cihates fixed with 2 % formaldehyde (Putt & Stoecker 1989 , Lessard 1991 .
Two-way ANOVA (station by depth) was used in order to test whether significant differences existed or not among samples grouped according to certain criteria (i.e. depth or geographc location). This type of analysis was performed on total abundance and biomass as well as on particular sub-groups of species referring to taxonomic or trophic categories. The post hoc Tukey test was employed for multiple comparisons among groups of samples assembled according to the significant factors. In order to test whether the factors investigated had an impact on the community structure affecting the species composition and/or the relative abundance of the species present in the community, multivariate analysis was performed on the species abundance data, using non-metric multidimensional scaling (MDS, Field et al. 1982) in the PRIMER software package. Similarities among samples were calculated by means of the Bray-Curtis index (Bray & Curtis 1957 ) and a log(x + 1) transformation was applied on the abundance data prior to the analysis in order to normalize the data and to avoid skewness.
RESULTS

Ciliate fauna
A total of 82 ciliate taxa was identified and counted during this study. Species richness was higher in the South Aegean (70 species) than in the North (50 species). The ciliate assemblage included members of the orders Choreotrichida (Strobilidium spp.), Tintinnida, Oligotrichida (Strom bidium spp., Tontonia spp. and Laboea spp.) and Scuticociliatida.
Ciliate species were dominated by aloricate forms (Choreotrichida and Oligotrichida) by 69.5 % while tintinnids represented 18% of the total species number. Mixotrophs accounted for 23 % of the ciliate species. These values were approximately the same for both the North and the South Aegean stations.
Ciliates ranged in length from 10 pm (a tiny Strombidium species) to almost 400 pm (the tintinnid Xystonella treforti). Twelve species were found in the nanoplankton fraction (<20 pm), 2 tintinnid species (X. treforti and Xystonellopsisparadoxa) exceeded 200 pm in length, while the rest of the species belonged to the microplankton fraction (20 to 200 pm). Seven species (mainly Strombidium spp.) were found to contribute 
Vertical profiles
Water column profiles showed a pattern of vertical distribution of ciliates in the South quite different from that in the North (Fig. 2) . In the South, both abundance and biomass were mostly uniform in the first 100 m. Average concentration (over all 6 depths sampled) ranged from 302 to 545 cells 1-' and average biomass from 0.76 to 0.98 pg C 1-l. In the North Aegean, a decrease in abundance and biomass was observed with depth, this decrease being more pronounced in 3 out of 7 stations (NI, N4 and N5), where surface concentration reached 2040 cells 1.' (Stn N4) and decreased to a mean value of 114 cells l-' below 20 m depth. In the 4 other North Aegean stations, density decreased from around 300 to 20 cells 1-' (N2. N7), or was very low at all depths (60 to 170 cells I-', N3) or even presented a subsurface maximum (N6), but in no case did they reach high densities.
The unusually high biomass at 75 and 100 m of Stn S2 is due to the presence of 1 individual of the large tintinn~d species Xystonella trefortj.
Standing stock (abundance and biomass)
Ciliate biomass integrated to 100 m depth was higher in the South than in the North (Table 2; The same was found to hold true for abundance integrated to 100 m (South: range 27.5 to 54.4 X 106 cells Aloricate species dominated the depth-integrated ciliate abundance and biomass (Table 3) . Their relative contribution varied from 64 to 84 % (mean 73.9 %) and from 40 to 63% (mean 56.2 %) respectively in the South while in the North it ranged from 80 to 93% (mean 87.8 %) and from 41 to 86 % (mean 70.8 %) respectively. Tintinnids were a less important group numerically (0.6 to 7.2 YO of total abundance), but due to their large size they comprised an important part of the total biomass (up to 55.2 % at Stn N7). The most abundant tintinnids in the North Aegean stations (Table 1) were Codonella galea, Stenosemella nivalis and Xystonellopsis paradoxa. Abundance of mixotrophic ciliates (cells I") 
Mixotrophs
In our study, mixotrophic nanociliates ( < l 8 pm) numerically dominated (47 %) the mixotrophic abunMixotrophs contributed to the total abundance (0 to dance in the South Aegean stations (Fig. 3) as well as 100 m integrated values) from 17 to 24 % in the South at 4 out of 7 North Aegean stations (55 % at N2, N3, N6 and from 21 to 54 % in the North. In terms of integrated and N7). The mixotrophic fauna of the North Aegean biomass, the values varied from 13 to 27 % in the South stations receiving the outflow of the Black Sea was and from 18 to 62 % in the North (Table 3) .
dominated by larger size (18 to 30 pm: 32% at Stn NI, In the North Aegean stations, mixotrophs were more and 30 to 50 pm: 32 % at N4, N5). abundant at the surface layers and they decreased below 20 m depth (Fig. 3) , this being more pronounced in the stations influenced by the Black Sea; abundance Size classes reached 86.7% and biomass 93.1 % of the total numbers at the surface while below 20 m mean values were Nanociliates comprised a large amount of the ciliate 5.3 % for abundance and 8.2 % for biomass. In the fauna in the Aegean samples, especially at the North staSouth stations, mixotrophic ciliates decreased only tions, 28% (mean values) in the South and 44 % in the slightly with depth. By contrast to the North, the perNorth (Table 4 ). In terms of biomass, nanociliates concentage of mixotrophs in the samples taken at the tributed only to a minor degree to the total ciliate bioSouth stations, below 20 m, was never lower than 16 mass (4 % in the South and 17% in the North), In the and 15% of abundance and biomass respectively. South, the most abundant size class was the 18 to 30 pm species, while in the North it was the most abundant (Table 3 ). In the samples taken at the South Aegean there was no evident change in the structure of the ciliate community in respect of size classes nor was there a noticeable decrease of nanociliate abundance with depth (Fig. 4) . In the North Aegean, nanociliates as well as all other ciliate groups decreased with depth, especially at the BSW stations.
Spatial structure
Multivariate analysis of species abundance data for all the samples taken, revealed 2 clusters corresponding to North and South Aegean (Fig. 5) terms of abundance of total ciliates, aloricates and heterotrophs. By contrast, stations in the North Aegean when considered separately, were not found to be different in terms of most of the ciliate fauna components (Table 6) . However, when North Aegean stations were regrouped into 2 major groups, one comprising the stations influenced by the Black Sea outflow (NI, N4 and N5) and the other comprising the rest of the North stations, the ANOVA revealed significant differences between these 2 groups of stations for all ciliate components (Table 6 ) except the tintinnid biomass. The abundance and biomass of almost all components (except tintinnids and heterotrophs) showed highly significant differences between the surface and the lower layers. indicating a strong reduction in all ciliate components below 20 m.
DISCUSSION
Mixotrophs
In both the South and the North Aegean, mixotrophs made up a large amount of ciliate abundance ( l ? to 54 %) and biomass (13 to 62%). It is difficult to compare our data on mlxotrophic species with data reported from other regions due to various methodological problems such as differences in sampling (particularly depth ranges) and different or unclear methods in reporting values (average values, integrated values, percentages). Furthermore, in some studies, not all mixotrophic taxa are enumerated due to the use of fixatives, such as Lugol's solution, which do not preserve fluorescence; this technique results in an underestimation of mixotrophic abundance since only large species known as mixotrophic (Laboea strobila, Tontonia appendiculariformis) are counted. (1995) found 70 1-' Laboea strobila and Tontonia spp. at 20 m depth during the stratification period (June) in the Western Mediterranean. In comparison, the values reported in the present paper and during the mixing period for all rnixotrophic oligotrichs were from 3 to 18 times more numerous although the total ciliate abundance was lower than in the Western basin. Mixotrophs were more abundant at the surface, particularly in the samples from the North Aegean. L. strobila was found only twice and T, appendiculariformis 3 times, occurring only in the South Aegean with their abundance never exceeding 10 cells 1-'. By The presence of oligotrichs that retain chloroplasts has been reported from both neritic and oceanic waters (Table 7) . In general, and perhaps due to the above-mentioned problems in methodology, the mixotroph contribution to the total ciliate abundance varies from <10% (Stoecker et al. 1996) to around 50 %, depending on the type of values used, i.e. when only surface layers are considered, mixotrophs are in general more abundant, whereas with integrated values their proportion decreases depending on the maximum depth used in the calculation. The values found during this study are generally within the range reported from other studies. However, in terms of abundance, the relative contribution of mixotrophic ciliates at the surface layers and particularly at the North Aegean stations (up to 88% of abundance) is among the highest surface values reported from either oceanic or neritic regions.
In terms of vertical distribution, in the North Stns NI, N4 and N5 (those receiving the Black Sea outflow) mixotrophs were very abundant at the surface layers (up to 87% of abundance) whereas they noticeably decreased below 20 m. According to Poulos et al. (1997) this depth layer (surface to 25 m) corresponds to the less saline BSW which flow towards the Aegean Sea through the Dardanelles Strait, this flow becoming largest in late spring and summer. According to Zodiatis (1994) , BSW flows westward along the northern shoreline of Lemnos, therefore influencing the water masses of the area where Stns N4, N5 and N1 are located. In the second group of North Aegean Stations (N2, N3, N6 and N?), mixotrophs presented low densities compared to the rest of the stations (North and South), decreasing with depth albeit less sharply than at the BSW-influenced stations.
In most studies carried out in other temperate regions or in the Nordic Seas, the abundance of mixotrophic ciliates decreases with depth (Lindholm 1985 , Putt 1990 , Dolan & Marrase 1995 and at 50 or 80 m, the densities are 2 to 3 times less than at the surface; even in the case of the stratified Catalan Sea during June, where heterotrophic ciliates were more abundant at 50 m than near the surface, mixotrophs showed an inverse pattern of vertical distribution and were more abundant at the surface (Dolan & Marrase 1995) While in the North Aegean the vertical distribution of mixotrophic ciliates is in agreement with patterns found in other regions, in all South Aegean stations mixotrophs were more abundant at the surface layers but they occupied the entire euphotic zone, down to 100 m, probably due to mixing. The South Aegean Sea is known to be one of the most oligotrophic areas of the Mediterranean Sea and its waters have been classified as Jerlov's Optical Type I, i.e. the most transparent (Ignatiades 1998) .
The results of this study indicate the quantitative importance of mixotrophic ciliates in an extreme oligotrophic area (South Aegean) as well as in the less oligotrophic stations of the North Aegean, i.e. those influenced by the Black Sea outflow.
Nanociliates
Compared to rnicrociliates, nanociliates have been found to predominate in neritic waters (Lynn et al. 1991b) , to constitute a large amount (57%) of the nanoplankton biomass in tidal creek waters (Sherr et al. 1986) , to predominate by far (72 %) the non-tintinnid ciliates in the Northern Adriatic (Revelante & Gilmartin 1983) or, on the contrary, to contribute only a minor part of the total ciliate fauna (8%) in the open Catalan Sea (Dolan & Marrase 1995) . Dolan & Marrasb (1995) suggested that in oceanic systems nanociliates play only a minor role in the food web compared to the coastal systems.
Our study in the open waters of the Eastern Mediterranean showed however that nanociliates accounted for 28% of abundance in the South and 44% in the North. In oligotrophic areas such as the Aegean Sea, where resources are by and large scarce, the picoplankton fraction is of great importance as has been found in the Levantine Basin (Eastern Mediterranean, Li et al. 1993) as well as in other oligotrophic regions (Gieskes et al. 1979 , Platt et al. 1983 . We may assume that the scarcity of resources forces the system towards a web of smaller organisms, this concerning not only autotrophic components such as cyanobacteria, prochlorophytes and eukaryotic flagellates (according to their attributes; Fenchel 1988) but also their predators, heterotrophic flagellates and ciliates. The importance of nanociliates becomes even greater when considering the contribution of this group to the mixotrophic community: 35 % of nanociliates in the South and 31% in the North Aegean were mixotrophic.
These results indicate that in the oligotrophic Aegean Sea, small size characterizes not only the autotrophic fraction of the ecosystem but also a large proportion of the heterotrophic or the mixotrophic ones. As also found by Lessard & Murrell (1996) in the Sargasso Sea, the present study shows that small ciliates do exist in considerable abundance in oligotrophic systems. The abundance of ciliates encountered during this study is among the lowest reported from oceanic waters (Strom et al. 1993 , Suzuki et al. 1998 . It is low also compared to values found in the Western Mediterranean (Dolan & Marrase 1995) and the Adriatic Sea (Krsinic 1995), thus reflecting the extreme oligotrophic regime of this part of the Eastern Medterranean. If we consider the fact that this study was undertaken during the spring bloom period when one would expect high abundance of all pelagic components, and if the underestimation due to the fixation method used is relatively low, then the ciliate abundance found in the Aegean Sea may be the lowest encountered in the literature. Despite the low abundance, ciliate assemblages proved to be very diverse, comprising 82 different ciliate taxa found during one sampling period while 55 taxa were found during a 1 yr study in the Southampton Water (Leakey et al. 1993) .
South Aegean stations presented typical characteristics of an oceanic ecosystem with mixed water colun~n during this period. The water column was mixed down to 100 m and this was evident in the abundance and biomass of total ciliates as well as of different groups of ciliates, such as mixotrophs, heterotrophs, tintinnids and aloricates (Table 5) . Low abundance was found in the entire euphotic zone, which was however more extended compared to the North Aegean euphotic zone; in the South, ciliate fauna had the potential of exploiting resources deeper in the water column, resulting in higher integrated values for the 0 to 100 n~ layer A more even exploitation of resources occurred in the South since in most of the samples the 2 most abundant species never exceeded 52 %, whereas at the North stations they ranged from 76 to 90%. As a consequence, in the South only 7 out of 70 species reached more than 10 % of the total abundance and ciliate fauna was more diverse than in the North. Also, in contrast to the North, all the stations in the South Aegean were found to be homogeneous with respect to ciliate ab.undance and biomass with the exception of Stn S6 that was found to be different from Stn S1 in terms of abundance of aloricatr?~ and heterotrophs.
In contrast to the South, in the North Aegean 2 types of stations were identified. Stns N2, N3, N6 and N7 showed extremely low ciliate abundance and biomass whereas the stations close to the Dardanelles showed very high abundance at the surface, noticeably decreasing below the depth of 20 m. This is probably related to distinct characteristics of the BSW masses coming out from the Dardanelles strait (Poulos et al. 1997) ; the influence of the BSW results in salinity and temperature stratification of the water masses at these stations which is noticeable even during the winter mixing period.
Since nutrient availability is generally higher in the North Aegean than in the South (Friligos 1980) and consequently primary production could also be expected to be higher, the general impoverishment in ciliate fauna in the North Aegean Stns N2, N3, N6 and N? could be attributed to increased predation by metazoan predators (top-down regulation) as has also been indicated in mesocosm experiments (Pitta et al. 1998 ). This is a hypothesis to be tested in the frame of the entire microbial food web. According to the same hypothesis, higher ciliate abundance in the South is due to weaker predation by copepods which agrees with the extreme oligotrophic character of the Cretan Sea, giving advantage to the microbial food web, inside which the energy is recycled and not transferred to higher trophic levels.
In terms of qualitative composition of the ciliate assemblages, aloricate ciliates numerically dominated (by 70%) both regions, this being in agreement with other studies in the Mediterranean (Ferrier-Pages & Rassoulzadegan 1994 , Dolan & Marrase 1995 or other marine ecosystems (Beers et al. 1980 , Sherr et al. 1986 , Dolan & Coats 1990 . Mixotrophic species represented 33 % of the aloricate species during spring in the Eastern basin whereas Laval-Peuto & Rassoulzadegan (1988) found 40.6% in the coastal Western Mediterranean during autumn and winter.
The relative abundance of nanociliates and mixotrophs was different in these 2 environments. In addition, in the South, most of the mixotrophic abundance was found in the nanoplanktonic fraction while in the North, at least in the BSW-influenced stations, larger mixotrophic species dominated.
All the above seem to imply that there are marked differences between the North and the South Aegean in terms of community structure, abundance, biomass and vertical distribution of ciliates. However, this argument needs to be tested on a seasonal basis since ciliate distribution and biomass may change from one week to another or even more from one month to another.
Our results indicate that the ciliate community of the Aegean Sea, despite the low abundance, even during the bloom period, is a diverse component of the pelagic ecosystem, in terms of species, size groups and trophic modes. In particular, the high percentage of mixotrophs and nanociliates indicates that these components of the ciliate community may also be compatible with extreme oligotrophic conditions.
